Association of vitamin D-dependent rickets, or osteomalacia, with long-term treatment with anticonvulsant drugs is well known. Such drugs presumably enhance hepatic conversion of 25-hydroxyvitamin D (25-OHD) to biologically inactive metabolites, resulting in depression of serum 25-OHD level. In our experience epileptic outpatients receiving anticonvulsant drugs rarely show evidence of rickets, although handicapped children in hospital who receive such treatment have a high incidence of overt rickets. A recent report suggested that the association of anticonvulsant therapy with rickets might occur by chance or it might be related to the inactivity of the patients.1 Evidence was presented to show that the serum 24,25-dihydroxyvitamin D concentrations were appreciably depressed but that 25-OHD levels were almost normal in epilepticS.2 Because of these conflicting findings, an epidemiological study of vitamin D-dependent rickets in institutionalised severely handicapped children was done. The contribution of dietary vitamin D intake, the kind of anticonvulsant drugs, the effect of exposure to sunlight, and lack of physical activity to the development of rickets was evaluated in relation to serum 25-OHD levels.
Materials and methods
The patients comprised 140 severely handicapped children with cerebral palsy in three (A, B, and C) national hospitals in Ishikawa prefecture, 94 ofwhom were being treated with anticonvulsant drugs. Fifty epileptic outpatients and 38 age-matched normal children served as the controls. Each child was placed in one of three groups according to his mobility: in group 0 the children were unable to crawl and were confined to bed; in group 1 the children could crawl or move in wheelchairs; in group 2 the children could walk (Table 1 ). All epileptic patients had been taking phenobarbitone, phenytoin, primidone, or acetazolamide, or a combination of these, for at least 2 years (Fig. 1) . Some children took phenobarbitone, some took phenytoin, and some a combination of these two 
Results
Incidence of rickets and biochemical data ( Table 2) . Clinically overt rickets was found in 9 (6%) of 140 patients in hospital. The incidence for the group on anticonvulsants was 9 (10 %) per 94. The combination of phenobarbitone and phenytoin was most often administered but a particularly damaging drug could not be singled out. However, the patients in hospital who were not being treated with anticonvulsants had no rachitic signs, nor had the outpatients. All the patients with rickets were unable to walk: 8 were in group 0, and 1 was in group 1.
They showed clear changes in serum Ca, P, Alk-P, and 25-OHD level (2-6 + 1 .7 ng/ml, mean + SD).
In the children being treated in hospital, serum Ca, P, and 25-OHD concentrations were significantly lower and Alk-P higher than those in the controls (P<0.01 to 0 001); and their reduced 25-OHD levels were also significant compared with those of The results of the present study confirm the previous observations. Low serum 25-OHD level was associated with administration of anticonvulsants and overt rickets developed in the patients in hospital being given drugs, although the most important drug could not be identified. Since rickets was found only in the children with the lowest 25-OHD levels despite an average vitamin D intake, vitamin D dependency may be an important aetiological factor. Anticonvulsant drugs may exacerbate this state, but they cannot be considered as the main cause of rickets, because none of the outpatients showed clinical evidence of rickets when biochemical and roentgenological examinations were performed. The serum 25-OHD level can easily be varied by vitamin D intake and exposure to sunlight. A positive correlation between vitamin D intake and serum 25-OHD level has been reported both in epileptics and normal subjects.11 On the other hand, the effect of ultraviolet light was shown to be equivalent to the oral vitamin D dose of 8000 to 12000 IU daily,12 and seasonal variation in serum 25-OHD levels13 appears to be due to the effect of ultraviolet light exposure. It is difficult to find out which is the more important factor for the serum 25-OHD level. In this regard, it was interesting that in one report rickets developed in epileptic patients despite a sufficient dose of oral vitamin D,'4 and that in another report, the serum Ca concentration was lower in epileptic patients who worked indoors than in those who worked outside.15 Although no 25-OHD findings were given in these reports, they suggest that exposure to sunlight is important for the prevention of rickets. The present study also shows that lack of sunlight depresses serum 25-OHD level even though vitamin D intake may be adequate.
In conclusion, several factors-such as anticonvulsant medication, low vitamin D intake, and physical inactivity-may contribute to the development of rickets in severely handicapped children and the lack of sunlight should be seriously considered. 
